extensively, and in the remotest of Kurdish valleys and the smallest of hamlets I was continuously regaled with stories of Lees's exploits. Perhaps what specially appealed to the Kurds was his happy facility for raising a laugh. Lees's stories and the jokes he made are still remembered.'* Another associate of those days writes: 'Lees succeeded in impressing his personality to an unusual degree on the whole of his extensive district. A good working knowledge of the language, sound administrative ability, a rigid sense of justice tempered with a sympathetic comprehension of tribal mentality, and many feats of physical prowess all combined to make him something of a legend.'f Lees returned to England on leave in January 1921, and finding himself out of sympathy with policies which were then being put into operation in Kurdistan, he handed in his resignation in April. This was the turning point in his career. He set to work on geology with great industry at the Royal School of Mines and in October of the same year (1921) joined the AngloPersian (later Anglo-Iranian) Oil Company as an Assistant Geologist. With this company he remained until ill health forced him to retire in 1953, and he continued as adviser to the company (now become the British Petroleum Company) until his death in 1955.
In 1922 and 1923 Lees was back in the Middle East, and in the winter 1924-1925 he was selected to conduct the eminent Hungarian geologist, Dr Hugo de Bockh, on an oil-finding tour of south-west Persia. The result of this season's work was the recommendation of a number of structures for exploration, of which four (Haft Kel, Gach Saran, Agha Jari and Pazanun) were later drilled and proved to be important producing fields. The theo retical results were offered to the 1928 meeting of the British Association as part of a symposium which was published in book form in 1929 with the title The Structure of Asia, edited by Professor J. W. Gregory. The contribu tion by de Bockh, Lees and F. D. S. Richardson, as co-authors, occupies more than half the book. The editor explained that it 'differs in scope from the rest of the book, as it states the new evidence as well as discussing it. That chapter, owing to its new information, maps and sections, will rank as one of the primary documents on the geology of South-Western Asia.' Here, for the first time, the Iranian Plateau was recognized to be a Median Mass-a term then first introduced into geological literature in the English language-between the orogenic belts of the Elburz and Zagros ranges, and the Zagros were divided into an inner Zone of Nappes and an outer Folded and Sheared Zone, driven towards the Foreland, the rigid tableland of central Arabia. In a later paper (Lees and Richardson 1940) the two main zones of the orogen were renamed the Zone of Overthrusting and the Normally Folded Zone, and the latter was shown to contain some overthrust folds which had first been classed in the Zone of Nappes. Together, these two papers comprise a corpus of information on the stratigraphy and structure, underground as well as at the surface, unparalleled for any part of the Alpid mountain system. There resulted from the work also important contributions to the theory of salt-domes and salt-glaciers (1927, 1931, 1944) as well as oil geology (see bibliography).
The following season, 1925-1926, Lees made with K. Washington Gray a pioneer geological survey of Oman, that anomalous eastern extremity of the Arabian peninsula formed of barren and jagged mountains which rise mysteriously between the sea and the flat, sand-carpeted interior of the country, the Empty Quarter. The resulting papers offered to the Geological Society (1928) and Geographical Society (1928) remain the standard works on the region. Lees showed that the Oman arc is built up of a complex of thrust sheets, folded and thrust at more than one period, and is structurally as great an anomaly upon the otherwise undisturbed Arabian foreland as its rugged ranges, rising to nearly 10 000 ft., are topographically in a country of plains and plateaux. Here we find already a preoccupation with the prob lem of mountain ranges that strike out into the ocean, which formed an important theme in his last Presidential Address to the Geological Society thirty years later and was illustrated in the frontispiece of that address by a photograph of the Armorican strike-lines at Finistere running out into the sunset across the Atlantic. Ten pages of Lees's early paper (1928) are devoted to a thought-provoking discussion of the question whether the Oman ranges link up with the Sind arc as assumed by such masters as E. Suess, Argand, and Krenkel, or strike out into the Arabian Sea and Indian Ocean, to form part of a meridional orogenic belt as postulated by L. Kober. Lees favoured a compromise solution based on the two periods of folding. He wrote again on this subject ten years later (1938) .
So admirable is the grasp of fundamental problems and of Continental literature in three languages displayed in this Oman paper, that it is difficult to realize that the work was done when Lees was aged 27 and published when he was 29; and, moreover, that he had not taken up geology until he was 23. A partial explanation is to be found in the fact that in 1926-1928 he obtained nearly two years' study leave at the University of Vienna, where he attended lectures by F. E. Suess and L. Kober (who five years before had published his well-known book Der Bau der Erde) and thus acquired that invaluable asset, familiarity with the German language and literature. The University of Vienna awarded him a Ph.D. for his thesis on the geology of Oman.
After the academic interlude in Vienna the roving life of an oil geologist was resumed. In the years [1928] [1929] [1930] Lees examined oil prospects and oilcompany organization and administration on the geological side in the United States, Canada, Egypt and Germany, and also carried out regional surveys in the Kermanshah province of Persia and in Iraqi Kurdistan. At the end of this tour he submitted the first of a series of reviews of oil prospects in all countries of the world where his company might be able to operate, through its subsidiary the D'Arcy Exploration Company. The Kermanshah survey was the first of a series, for which it served as a model, and it 'was never surpassed in quality of observation and interpretation.'* On 1 November 1930 Lees was appointed Chief Geologist of the AngloIranian Oil Company. He was then 32 years old and had been with the company just eleven years. He held this important post nearly twenty-three years, during which time vast expansion took place in the company's activi ties in many parts of the world. In the decade 1930-1940 most of the principal oil fields in Persia were discovered, also the huge fields at Kirkuk in Iraq and at Kuwait, and the smaller one in the Qatar peninsula in Arabia, where Lees had obtained from the Sheikh a two-year option in 1926. In addition exploration was pushed forward by the Anglo-Iranian Oil Company by surveys of nearly 100 000 square miles in Persia and also in Great Britain, and in association with other companies in New Guinea (Papua), India, Burma, Trinidad, Nigeria, and elsewhere.
Lees did not allow himself to be wholly absorbed by these manifold activi ties. In 1931 he married Hilda Frances Andrews, of Moseley, who is author and editor, under her maiden name, of various musicological books. She survives him, with their son Robin.
The search for oil in Britain and its discovery in sufficient quantity to pay for the costs of exploration and to be a valuable help during the submarine blockade of 1939-1945, form a fascinating story. The initiative, driving force and responsibility were Lees's. Under the Petroleum Production* Act of 1934, which nationalized the country's oil rights, the first prospecting licences were granted in 1935 to the D'Arcy Exploration Company. They covered nearly 7000 square miles in the east and south-east of England and a small area in Scotland, east of the Pentland Hills. Choice of the most likely points for drilling involved detailed surface and subsurface surveys of favourable structures, if possible in the neighbourhood of a known impregna tion or seepage. No time was lost, and within ten years of the granting of the concession the D'Arcy Exploration Company had drilled fifty-two deep and forty-three shallow exploratory borings, with a total depth of over 100 miles, t
In the south of England there were disappointments. Lees and his colleagues had discovered oil impregnations in the Wealden, Purbeck and Corallian formations on the Dorset coast in 1933, and even a seepage, between Ringstead and Osmington, from the Corallian Beds. Accordingly structures suitable as possible reservoirs were drilled at Poxwell, Portsdown, Kingsclere, and in the Weald, but no oil was found. The borings nearly all proved much greater thicknesses than had been predicted and this surprised everyone but Lees. No one had foreseen, however, that although thick even on anticlinal axes such as Portsdown and Kingsclere the Jurassic rocks would be developed in unsuitable facies. On the theoretical side of the account, these borings proved the correctness of Lees's brilliant deduction that the Tertiary anticlines in the Chalk and Jurassics are not 'posthumously' reactivated folds along ancient anticlines in the basement, as was generally believed, but are 'free folds' in a thick sedimentary cover; consequently it would not have been justifiable to ignore them in any serious search for oil in Britain.
In the Midlands pertinacity and geophysical effort were rewarded. The Nottinghamshire oilfield was discovered and brought into production just at a time when total war made every ton of home-produced oil invaluable. The chief producing wells are about 8 miles north-west of Newark at Eakring, Duke's Wood, Caunton and Kelham Hills, and there is a small isolated field at Formby, between Liverpool and Southport. The production in the Nottinghamshire field is from Millstone Grit and, to a lesser extent, from Lower Coal Measures, at depths of 1900 to 2500 ft. The Formby field is a small accumulation in Keuper Waterstones sealed by Glacial clay, at a depth of only 100 to 120 ft. In addition gas fields were found in Eskdale, Yorkshire, and near Dalkeith in Scotland, and the first known British reserves of potash were discovered in the Permian of Eskdale; but these last have so far not proved economical to work, owing to the great depth (3650 to 4775 ft.).
The Nottinghamshire crude oil is of good quality, with good light and lubricating oil fractions and specific gravity from 0-83 to 0-89. Peak produc tion exceeded 100 000 tons in 1942-1944, but it is now about 55 000 tons a year. Up to the present it has totalled nearly 900 000 tons. Only a small pumping jack run by electricity marks the position of each of about 130 wells, and there is no disfigurement of the landscape. The profusion of bor ings is normal for sand fields where the oil-producing sandstones are partly lenticular and often independent.
As a by-product of this campaign of drilling and geophysical work an immense amount of information was obtained about the underground extension of British coalfields. Thus a double economic benefit was conferred on the nation by the enterprise of the D'Arcy Exploration Company.
In addition to the economic rewards, however, there was an incalculable gain to academic geology in the new knowledge of underground structures and stratigraphy obtained. It would have been in accordance with com mercial precedent if all this information had been filed away in the com pany's offices and treated as secret. But this was not Lees's way. He was himself as much stimulated by the theoretical results as by the main economic objectives, and he desired that they should be thrown open to discussion by the geological world and that the widest scientific use should be made of them. The result was two long papers offered to the Geological Society: one in 1937 with P. T. Cox on 'The geological basis of the present search for oil in Great Britain', another in 1944 (published 1946) with A. H. Taitt on 'The geological results of the search for oilfields in Great Britain'. At the reading of these papers the rooms of the Geological Society were packed to capacity, and it is no exaggeration to say that the material presented was epoch-mak ing and unprecedented in the history of the Society. In opening the discussion at the conclusion of the second paper (6 December 1944) the President, Professor W. G. Fearnsides, F.R.S., said: 'Never before had so much exact and new information about the underground geology of Britain been presented to the Society, and rarely was a synopsis so clearly and concisely expressed', and a series of distinguished speakers after him paid tribute to the enlightened policy which made available so much revolutionary information and to the ability of the authors in analyzing and summarizing it for the benefit of science.
In 1943 the Geological Society acknowledged Lees's leading share in the discovery of oil in Britain and the value of his geological work in this con nexion and in Persia and Oman by awarding him the Bigsby Medal. Candi dates for this medal must be under the age of 45, and in view of the magni tude of his achievements it is remarkable that he still qualified for it, even though only by a few weeks. Five years later, in 1948, he was elected a Fellow of the Royal Society.
In addition to his ever-expanding duties as Chief Geologist to his company, Lees throughout this period followed up varied geological interests, as indi cated by the titles of his papers. Some deal with the problems of salt domes and the problematic age of the saline series in the Punjab Salt Range, others with the floor of the oceans and the meaning of the continental shelves, and one (with N. L. Falcon) gave to the Royal Geographical Society (1952) an account of an anticline in the Mesopotamian plains which has risen 50 ft. in the last 2000 years, disrupting an old irrigation system. During the 1939-1945 war he was also seconded to the Petroleum Division of the Ministry of Fuel and Power, and after the war his knowledge and gifts on committee led to his being appointed a member of the Geological Survey Board and the Colonial Geological Surveys Board and to various committees of the Royal Society as well as on the Council of the Geological Society. Finally, for the two years [1951] [1952] he was President of the Geological Society. He was the first geologist practising his profession in industry to have achieved this distinction or to have been elected F.R.S.
The steadily mounting pressure of all these activities eventually overtaxed even Lees's amazing capacity for work. New ventures had been started after the war by his company in Sicily, Switzerland and East Africa, each with its special geological problems, and meanwhile exploration was being extended in Persia, Papua and Nigeria, while new fields were being brought into production in the established Middle East areas. Lees's job, even without outside distractions, was big enough to provide work for a team of geologists. His health gave out in 1952 and after a brief come-back he was obliged to retire in 1953.
To the word 'retirement' Lees gave a special and peculiar meaning which would not be accepted by any lexicographer. He continued as Geological Adviser to the British Petroleum Company, the Burmah Oil Company, the Iraq Petroleum Company, and the Societe Nationale des Petroles d'Aqui taine, and continued to serve on a number of boards and committees, and on the local magistrates' bench. When I visited him at his lovely home, The White House, Chipping Ongar, in September 1954, only four months before his death, he had recently returned from a professional tour in Aquitaine and was perfecting a cross-section of the Pyrenees, several yards long and drawn, like all Lees's geological sections, to true scale. This section and its implications shared first place in his mind at that moment with sections with which he was experimenting on his drawing table, to explain intricate problems raised by borings on the outer flank of the Ju ra Mountains.
Lees's last public recognition was the award of the Sidney Powers Memorial Medal, in April 1954 , by the American Association of Petroleum Geologists.* This medal is regarded by American oil geologists as the highest distinction they can achieve, and it had never before been awarded to a non-American. He died on 25 January 1955.
An anonymous writer in the Company's magazinef paid this tribute: 'Through all the swelling tide of exploration and development, by virtue of his enormous knowledge, his quickness of apprehension and capacity for constructive thinking, his practical good sense and skill in exposition, and his good humour and reasonableness, he has exercised a unique influence on the counsels of our own and our associated companies. To his staff he has been an incomparably stimulating leader.' Dr C. T. Barber, of the Iraq Petroleum Company, has written: 'He eschewed the frills of oratory, and on the platform was a forceful and lucid exponent both of geology and of the economic prin ciples of the petroleum industry, but it was at the conference table that his dialectic gifts shone most brightly and that his wit enlivened what his intellect illuminated. But to know George Lees and to savour the full flavour of his personality, it was necessary to climb with him the Kurdish mountains or to tramp with him the Purbeck Hills and the Dorset Downs. Then his com panions, rarely more than one or two, were not only treated to a brilliant analysis and synthesis of geological structure, but also to a sensitive apprecia tion of the history and culture of the inhabitants, with whom, be they Kurd or Celt, he was on terms of intimate friendship. To have known George Lees was a privilege, and to work with him an inspiration.'J Had Lees not been carried off at the zenith of his powers, there can be no doubt that geological science would have been incalculably enriched by further syntheses and expositions of his mature conclusions. One major work of which we have been robbed is a definitive 'Geology of Persia'. Another, still more important, is a full treatment of his views on the dynamic evolution of the earth: he wrote of this to an American colleague: 'Perhaps some day if I can overcome my mental inertia I may expand my material into book form, but it will be a formidable task. . . ' follows naturally from the first, to form a single closely knit, ruthlessly logical exposition and argumentation of dynamic geology. Unlike so much writing on this subject, the addresses do not start with a theory or a series of hypo theses and then pick at random the geological observations that support the writer's opinions (conveniently passing over in silence the multitudes of unfavourable facts), but proceed by inductive reasoning from simple folds to cosmology. At every stage they are based on an ample knowledge and an insistence on the geological evidence even if at the sacrifice of preconceived notions and geophysical or cosmological theory. No geologist, geophysicist or cosmologist in future will be able to afford not to read and reflect on these addresses. All will be stimulated and will benefit by the shocks to their complacency and the original turn given at every stage to the interpretation of the facts. One large American oil company had the second address reprinted for issue to all its staff. In London so much interest and controversy were aroused that a joint discussion was arranged between the Geological and Royal Astronomical Societies. This took place on 2 February 1955,* but unhappily the discussion suffered disastrously from the cloud of Lees's death a few days previously and from his absence. He had a catalytic action in geological discussion.
The first address begins with a characteristic happy phrase: 'Much of my professional life has been spent by, with and from anticlines, for the anticline to the oil-geologist is as honey to the bee.' Foreland folds were chosen because of the knowledge of them gained by the drill and their relative simplicity. Examples are described and discussed from all parts of the world and in every geological milieu, and the conclusion is reached that all types, even complex structures such as diapirs and imbric zones, result normally from contraction of the deep underlying crust, not from lateral pressure transmitted through the sedimentary cover in which the structures are expressed. Moreover, the underlying 'rigid' crust has itself always been folded in some previous period, often more than once. The oldest rocks visible at the surface or drilled in any part of the world show unmistakable signs of folding. Therefore com pression of the crust has been the dominant theme throughout all ascertain able earth history, although at times and in certain places there may have been subordinate phases of tension.
The second address, 'The evolution of a shrinking earth', starts from this point and follows on to the conclusions, qualitative and quantitative, always holding to the geological evidence and refusing to be confused or side-tracked by geophysical theory. Whenever a geophysical hypothesis or assumption conflicts with geological observation it is given a friendly jolt and some alternative is preferred. A bete noir is 'mathematical exhibitionism', which too often misleads the mathematician and the reader by implying 'that a result which can be calculated, almost regardless of the validity of the assumptions made, is preferable to an estimate based on deductions from observed geology'. This address contains a masterly review of the structure of the continental nuclei, or shields, of the geological and geophysical evi dence so far available for the nature and history of the ocean basins, and of the mechanism and possible causes of mountain-building. The whole is a challenge to the geologist to stand on his own feet, an invigorating call to independent thought and judgment, and above all an exhortation to more and yet more observation.
The geologist who reads this address is constantly stimulated also by the suggestive and fruitful juxtaposition of facts and the unexpected conclusions to which Lees shows them to point. For example, we have all read so often that we have long ago built into our unconscious the concept, expounded especially by able German geologists such as Axel Born, of the continental nuclei growing by the welding on of successive orogenic rings; and we are also aware, though in a different compartment of our brains, that nearly all the orogens embody cores of ancient crystalline rocks essentially similar to those composing the shields. Lees points out that these inlying cores are fatal to the concept of accretion: they show, rather, that the shields were originally larger and that the orogenic rings represent encroachments, not additions. On almost every page there is some such stimulating shock to the reader's preconceptions. The Central Himalayas may be sinking relative to the Ganges plain; the rise of Scandinavia since the Ice Age is probably nothing to do with the melting of the ice cap; currently accepted calculations of the relative densities of the continents and ocean basins 'are based on such insecure premises as to be almost valueless'; such examples could be con tinued at length.
The reader is rewarded in addition by touches of poetry, which lighten his task and at the same time are an agreeable revelation of the man. Lees felt that it is in the relationships between the continents and the oceans-which hide 70 per cent of the earth's surface from geological observation-that will be found the key to the great geological secrets. After a flight round the world in 1950 he wrote 'These immense oceans have an irresistible fascination, and as the aircraft winged its way above the deep blue expanse bending out of sight beyond the curving horizons, one pondered on their significance and past history.'* In his Address he writes:
'Continental margins have always fascinated me, particularly where a major fold system strikes boldly into the unknown of the oceanic depths. I have sat in contemplation on the Kerry rocks of south-western Ireland and seen the great Hercynian ranges warping downwards through a magnificent fiord phase of drowned valleys into the water of the Atlantic; I have observed with awe and wonder the inspiring view of the Armorican ranges confidently striking into the turbulent Atlantic at the Pointe du Raz, Finistere, and I have seen the great Atlas mountains with their component subdivisions heading strongly seaward. I have seen the Arabian and the Indian coasts, made a complete circuit of Australia and traversed the Pacific: I have seen the Californian edge of the American continent and the great drowned valleys of the British Columbian coast; I have seen the bevelled stumps of the one time mountains of Nova Scotia striking freely into the Atlantic and I have traversed the eastern seaboard of the United States to the point of Florida and the Antilles loop to Trinidad and into Venezuela. All this and more I have seen, and although one's gathered visual impressions are not evidence, they do at least provide a framework for an analysis of this most tantalizing and elusive problem of geohistory.'* It is impossible to summarize here Lees's geological philosophy, but an indication may be given by saying that he believed in a continually shrinking earth, and in a total contraction too great to be accounted for by cooling alone, so that some other factor such as self-compression would have to be invoked; that he disbelieved in the geophysicists' picture of the earth as a layered structure consisting of successive shells of different composition differentiated from an original melt, but preferred the planetismal hypothesis and a layering of physical properties only, perhaps phase changes due to increasing pressure towards the centre; and that he thought the fundamental differences between ocean basins and continents had been exaggerated, and that no oceans were permanent. Of the hypothesis of continental drift he stated: T, like so many of us, have been through the earlier enthusiasms for the Wegener hypothesis and have come out at the otherside.' On thefrontispiece of the Address is a photograph of the moon. In its surface features, so different from anything on earth, Lees saw a likely replica of the earth in its early stages of evolution, before the atmosphere and hydrosphere had obliterated all trace of the original structures formed by infall of meteors.
